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Description 



POLISHING INHIBITING LAYER FORMING 
ADDITIVE, SLURRY AND CMP METHOD 

Background of Invention 

[0001] The present invention relates generally to semiconductor 
wafer polishing, and more particularly, to a polishing in- 
hibiting layer forming additive for a slurry, the slurry so 
formed, and a method of chemical mechanical polishing. 

[0002] In the semiconductor industry, chemical mechanical pol- 
ishing (CMP) is used to smooth, planarize, and/or remove 
layers during the fabrication process. During CMP, a slurry 
is dispersed over the surface to be polished as a polishing 
pad rotates in contact with the surface to smooth, pla- 
narize and/or remove the surface. One problem with con- 
ventional CMP processes and slurries is that they do not 
perfectly planarize a surface, especially those that have a 
variety of pattern densities or have an uneven topography. 
For example, FIG. 1 shows an illustrative surface topogra- 
phy of a semiconductor wafer 8 including a raised location 



A that is higher than a recessed location B. Typically, a 
polishing rate of a surface is considered equivalent to a 
slurry's coefficient of friction (k) times polishing pressure 
(sometimes referred to as downforce) (P), i.e., polishing 
rate (PR) = k*P. That is, polishing rate is linear with pol- 
ishing pressure P. The local polishing pressure, however, 
is proportional to the localized planarity and pattern den- 
sity of the location. In the FIG. 1 topography, polishing 
pressure for location A is greater than the polishing pres- 
sure for location B, and planarity is ideally achieved by the 
rate differential for the locations A, B. In this case, re- 
cessed location B is preferably not polished until raised 
location A is planar therewith. In the topography illus- 
trated in FIG. 1, however, a number of factors result in a 
non-zero polishing rate in recessed location B even 
though polishing pad 10 never contacts the surface. One 
factor that causes this problem is slurry above recessed 
location B still provides a modicum of polishing, which 
may destroy recessed location B. Another factor is the 
flexibility of a polishing pad 10, which causes recessed 
location B to be polished even though not desired. 
[0003] Another factor is the geometric lengthscales of the fea- 
tures to be polished as compared to the "planarization 



length" (Lp) of the process. "Planarization length" can be 
thought of as the lengthscale of the pad that can bend 
and conform. If a pad is very rigid, it is flat and will tend 
to flatten things over a very long distance relative to a 
chip wire dimension (microns). If the polishing pad is very 
flexible this length is much shorter and the pad can bend 
and conform to items that are closer together. Accord- 
ingly, if, for example, two large, dense supporting fea- 
tures (e.g., points A in FIG. 1) are provided on a wafer at a 
distance (L) apart and one or more less dense random 
structures (e.g., structure B in FIG. 1) fill the space(s) be- 
tween them, it is advantageous to know at what length- 
scale L those inner structures will be protected by the 
large structures. That length of protection varies with the 
pad to the first order (slurry and other things to 2"^ order) 
and is called the "planarization length." When Lp > L, 
those features would be protected from detrimental pol- 
ishing. 

[0004] Referring to FIGS. 2A-2H, the above-described problems 
are further illustrated relative to a wafer 18 (FIG. 2A only) 
including a location A having a somewhat less dense pat- 
tern formation than a location B. As illustrated, through 
time = 0-2 (FIGS. 2A-2C), polishing progresses non- 



uniformly due to the pattern density differences between 
location A and location B. In particular, as shown in FIG. 
2G, due to the different densities, localized pressure at 
location A (P ) and B (P ) are different, which results in 

A B 

different polishing rates (PR), i.e., P > P , PR > PR . As 
^ ^ ' " ' A b' A B 

polishing progresses through time = 2,3 and 4 (FIGS. 
2C-2E), the disparity between polishing rates of location A 
and B, results in a much faster removal of material for lo- 
cation A. As shown in FIG. 2D, eventually, the low-density 
location A is planarized such that location A becomes 
100% filled. At this point, the polishing pressure becomes 
uniform and equal to the total applied pressure. However, 
the pressure at higher points, e.g., location B, remains 
high. As shown in FIG. 2H, this results in P < P , PR < PR 

ABA 

. Note, however, that PR is non-zero. The result of this 

B A 

polishing is shown in FIG. 2E, in which location A is rutted 
and nonplanar with location B. In contrast, FIG. 2F illus- 
trates the intended result in which location A and B are 

planar, i.e., P = P , and PR = PR . This structure is ob- 
^ ' ' A b' a b 

tained through conventional polishing only after long time 
periods of polishing, where the planarity is achieved at the 
expense of thinning the thickness of the total film stack. 
[0005] Surfactants have been added to slurries to improve re- 



moval selectivity. For example, US Patent No. 6,514,862 to 
Lee et al., discloses a wafer polishing slurry and CMP 
method in which a surfactant is added. In this case, how- 
ever, the surfactant is meant to form a non-removable 
layer, which does not address the above-described prob- 
lems. 

[0006] In view of the foregoing, there is a need in the art for a 
way to address the problems of the related art. 
Summary of Invention 

[0007] The invention includes a polishing inhibiting layer forming 
additive for a slurry, the slurry so formed, and a method 
of chemical mechanical polishing. The polishing inhibiting 
layer is formed through application of the slurry to the 
surface being polished and is removable at a critical pol- 
ishing pressure (P^^.^)- The polishing inhibiting layer allows 
recessed or low pattern density locations to be protected 
until a critical polishing pressure is exceeded based on 
geometric and planarity considerations, rather than slurry 
or polishing pad considerations. The invention recognizes 
that with such a layer forming additive, polishing rate is 
non-linear relative to polishing pressure in a recessed or 
less pattern dense location, and implements the polishing 
inhibiting layer to alter the polishing rate-pressure rela- 



tionship. In one embodiment, the additive lias a chemical 
structure: [CH (CH ) N(R)]M, wherein M is selected from 

3 2 X 

the group consisting of: CI, Br and I, x equals an integer 
between 2 and 24, and the R includes three carbon-based 
functional groups, each having less than eight carbon 
atoms. 

[0008] A first aspect of the invention is directed to a method for 
polishing a wafer, the method comprising the steps of: 
providing a semiconductor wafer having a topography in- 
cluding a first topography location and a different second 
topography location; applying a slurry that includes an 
additive for forming a polishing inhibiting layer in situ 
across the topography, the polishing inhibiting layer cre- 
ating a polishing rate for the topography that is non- 
linear with polishing pressure; and chemical mechanical 
polishing the topography. 

[0009] A second aspect of the invention is directed to a wafer 

polishing slurry, comprising: a plurality of polishing parti- 
cles; a solvent in which the polishing particles are sus- 
pended; and a polishing inhibiting layer forming additive 
for forming a layer on a surface of a wafer in situ to in- 
hibit a polishing rate thereof, the polishing inhibiting layer 
creating a polishing rate for the topography that is non- 



linear with polisliing pressure. 
[0010] A tliird aspect of tlie invention is directed to a polisliing 

inhibiting layer forming additive for a chemical mechanical 
polishing slurry, the additive comprising: a surfactant 
having a chemical structure selected from the group con- 
sisting of: a) [CH (CH ) N(R)]M, wherein M is selected from 

3 2 X 

the group consisting of: CI, Br and I, x equals an integer 

between 2 and 24, and the R includes three carbon-based 

functional groups, each having less than eight carbon 

atoms; and b) C H QN, where Q is selected from the 
P q 

group consisting of: CI, Br and I, and p > 8 and q > 20, 
wherein the surfactant forms a polishing inhibiting layer 
creating a polishing rate that is non-linear with polishing 
pressure. 

[0011] The foregoing and other features of the invention will be 
apparent from the following more particular description of 
embodiments of the invention. 
Brief Description of Drawings 

[0012] The embodiments of this invention will be described in 

detail, with reference to the following figures, wherein like 
designations denote like elements, and wherein: 

[0013] FIG. 1 shows a conventional chemical mechanical polish- 
ing (CMP) environment. 



[0014] FIGS. 2A-2H show schematic and graphical representa- 
tions of a conventional CMP process on a particular wafer 
topology. 

[0015] FIG. 3 shows a CMP environment according to the inven- 
tion including a polishing inhibiting layer. 

[0016] FIGS. 4A-4F show schematic representations of a CMP 

process according to the invention on the wafer topology 
of FIGS. 2A-F. 

[0017] FIGS. 4G-4I show graphical representations of the non- 
linear rate versus pressure CMP process of FIGS. 4A-F for 
comparison with FIGS. 2G-2H. 

[0018] FIG. 5 shows a graphical representation of polishing rate 
versus concentration of one embodiment of a polishing 
inhibiting layer forming additive according to the inven- 
tion. 

[0019] FIG. 6 shows a graphical representation of polishing rate 
versus polishing pressure of another embodiment of a 
polishing inhibiting layer forming additive according to 
the invention. 

[0020] FIG. 7A shows a case for conditions under which a cationic 
surfactant is needed. 

[0021] FIG. 7B shows a case for conditions under which an an- 
ionic surfactant is needed. 



Detailed Description 

[0022] vvith reference to the accompanying drawings, FIG. 3 illus- 
trates an illustrative surface topography 20 of a semicon- 
ductor wafer 22 including a first topography location 24 
and a different second topography location 26. For pur- 
poses of description, a difference between topography lo- 
cations 24, 26 is illustrated in the form of a height differ- 
ence including a raised location 24 and a recessed loca- 
tion 26, or as a different density in patterns as illustrated 
in FIGS. 4A-4F. It should be recognized, however, that a 
difference or differences between topographies may exist 
in any now known or later developed structural or chemi- 
cal differences. 

[0023] According to a method of the invention, the above- 
described wafer 22 is provided for chemical mechanical 
polishing by a polishing pad 28. In order to provide a 
more planar end result, a polishing inhibiting layer 30 is 
applied across topography 20. In one embodiment, layer 
30 is provided via a wafer polishing slurry 38 that is ap- 
plied in a conventional fashion. Slurry 38 includes a plu- 
rality of polishing particles 40 and a solvent 42 in which 
polishing particles 40 are suspended. In addition, slurry 
38 includes a polishing inhibiting layer forming additive 



42 including a surfactant for forming layer 30 on surface 
topography 20 of wafer 22 in situ. The surfactant can be 
anionic or cationic depending on surface topography 20 
to be polished and polished particle 40 used. Polishing 
particles 40 may include at least one of ceria, silica and 
alumina, or other conventional polishing particles. Chemi- 
cal mechanical polishing of topography 20 occurs in any 
now l<nown or later developed fashion, e.g., rotation of 
polishing pad 28 or polishing wafer. 
[0024] As noted above, additive 42 includes either an anionic 

surfactant or a cationic surfactant depending on composi- 
tion of the surface topology 20 and the polishing particle 
40. In one embodiment, additive 42 may have the chemi- 
cal structure: [CH (CH ) N(R)]M, wherein M is selected 

3 2 X 

from the group consisting of: CI, Br and I, the R includes 
three carbon-based functional group having less than 
eight carbon atoms and x equals an integer between 2 
and 24. In one embodiment, the carbon-based functional 
group may be selected from the group consisting of: CH^, 
CH OH, C H OH, C H , C H OH and C H , where each has 

2 24 2536 37 

at least eight carbon atoms. However, other carbon-based 
functional groups are possible. Particular cationic surfac- 
tant examples include: cetyltri methyl ammonium bromide 



(CTAB) [CH^(CH^)^^N(CHp^]Br; cetyldimethylethyl ammo- 
nium bromide (CDB) [CH^(CHp^^N(CHp^CH^OH]Br; [CH 
(CH ) N(CH ) ]Br, where x is between 2 and 24; and [CH 

3 2 X 3 3 

(CH ) N(CH )(C H ) (C H )]Br, where x is between 2 and 

3 2x 325 37 

24. In another embodiment, additive 42 may have the 

chemical structure: C H QN, where Q is selected from the 
P q 

group consisting of: CI, Br and I, and p > 8 and q > 20. In 

one particular example of this embodiment, additive 42 

includes C H QN, and Q is CI, p = 21, and q = 38, result- 
p q 

ing in cetylpyridinium chloride (C H CIN). In terms of an 

2 1 38 

anionic surfactant, additive 42 may include at least one of: 
sodium sulfate, sodium dodecyl sulfate, sodium lauryl 
sulfate, sodium stearate and sodium tetradecyl sulfate. 
[0025] Additive 42 is attracted to surface topology 20 so as to 
form a layer 30 thereon, and can only be removed by ap- 
plication of a polishing pressure greater than a critical re- 
moval polishing pressure P^^.^ of layer 30. Additive 42, by 
virtue of being in the applied slurry is dynamically re- 
moved through the application of the polishing process 
when the localized pressure is above critical removal pol- 
ishing pressure P^^.^ of layer 30. The result is that for loca- 
tions in excess of the critical removal polishing pressure P 
. , a dynamic environment is achieved where polishing 



occurs in which layer 30 is formed, then mechanically re- 
moved, and the process repeated. In one embodiment, 
critical removal polishing pressure P^^.^ for layer 30 
formed by one of the above species is no less than ap- 
proximately 2 pounds per square inch (psi) and no greater 
than approximately 20 psi. However, another P^^.^ may be 
employed depending on circumstances. In one embodi- 
ment, the polishing includes applying a downforce of no 
more than approximately 4 psi above the critical removal 
polishing pressure P^^.^, and no less than approximately 4 
psi below the critical removing polishing pressure P^^.^. 
[0026] Turning to FIGS. 4A-4F and 4G-4I, features of implemen- 
tation of polishing inhibiting layer 30 will now be de- 
scribed. FIGS. 4A-4F show schematic representations of a 
chemical mechanical polishing (CMP) process according to 
the invention on the wafer topology of FIGS. 2A-F. Loca- 
tion X and location Y have different topologies in the form 
of different pattern densities, i.e., location X has less pat- 
tern density than location Y. As a result, from time = 0-2 
(FIGS. 4A-4C), localized polishing pressure at location X (P 
^) and location Y (P^) are different, which leads to different 
polishing rates PR^ and PR^ that are greater than zero (0). 
This time period is graphically illustrated in FIG. 4G. Both 



locations, however, have a polishing pressure and 
greater than a critical removal polishing pressure P^^.^ of 
layer 30. As a result, as polishing proceeds, layer 30 is re- 
moved by polishing at a pressure higher than the critical 
removal polishing pressure P 

crit 

[0027] As polishing proceeds through time = 3,4 (FIGS. 4D-4E), 
topography is polished away in low density location X, but 
layer 30 begins inhibiting polishing at location X because 
the polishing pressure P^ decreases below critical removal 
polishing pressure P^^.^ of layer 30. This time period is il- 
lustrated graphically in FIG. 4H. Due to the higher local 
polishing pressure P^ at location Y (i.e., because of the 
denser pattern), however, polishing continues to occur in 
this location. During this period, P < P and PR = 0, 

^ ^ ' X crit X 

and P > P and PR > 0. In this sense, layer 30 has de- 

Y crit Y 

creased a polishing rate PR of one of the topography loca- 
tions, e.g., X, to a level defined according to: PR = k * (P - 
'^crit^' ^^^^^ polishing rate, k is a coefficient of 

friction of the slurry, P is a polishing pad polishing pres- 
sure at one of the topography locations (i.e., location X), 
and P^^.^ is the critical removal polishing pressure to be 
applied for removal of layer 30. 
[0028] At time = 5 (FIG. 4E-4F), planarity is achieved, and polish- 



inq stops. In this case, P < P and PR = 0, and P < P 

^ ^ X crit X Y crit 

and PR^ = 0. This time is illustrated graphically in FIG. 41. 
[0029] Turning to FIG. 5, a graphical representation of polishing 
rate (A/min) versus concentration (g/L) of additive 42 (FIG. 
3) in the form of cetyltri methyl ammonium bromide 
(CTAB) on an illustrative surface of silicon dioxide (SiO^) is 
shown. In this example, the data was taken with the fol- 
lowing slurry conditions: slurry composition 1.6 w% 
cerium oxide, pH = 5, and the following tool parameters: 
6 psi of downforce (applied pressure), rotation rates of 
25/50 rpm for wafer and table, respectively, and slurry 
flow rate of 120 ml/min. FIG. 5 illustrates how the con- 
centration of additive 42 (FIG. 3) can be controlled to con- 
trol polishing rate. As shown in the graph, at low (or no) 
concentrations of additive 42 (FIG. 3), the polishing rate is 
high, which indicates that no layer 30 (FIG. 3) is formed. 
However, with the addition of additive, the polishing rate 
decreases rapidly, which indicates formation of layer 30 
(FIG. 3) on the oxide surface. With the addition of greater 
than 0.2 g/L CTAB, the polishing rate becomes demi- 
nimus. 

[0030] Turning to FIG. 6, polishing rate (A/min) versus polishing 
pressure/downforce (psi) on an illustrative surface of sili- 



con oxide (SiO^) is illustrated in graphical form. FIG. 6 
provides a more detailed rendition of the graphs of FIGS. 
4G-4I. In this embodiment, the slurry includes 0.8 w% ce- 
ria, at a fixed concentration of 0.12 g/L cetyldimethylethyl 
ammonium bromide (CDB), with a 25/50 rotation of the 
pad at a slurry rate of 120 ml/min. FIG. 6 illustrates that 
layer 30 (FIG. 3) can be formed where polishing rate is 
non-linear with polishing pressure by using additive 42 
(FIG. 3). At low polishing pressure, the polishing rate is 
zero. However, as pressure increases beyond critical re- 
moval polishing pressure P^^.^ of layer 30, e.g., about 3 
psi, the polishing rate is non-zero and increases with in- 
creased pressure. 
[0031] According to the invention, in the case that the pH level of 
the slurry is greater than the isoelectric point (lEP) of the 
surface and less than the isoelectric point of the polishing 
particles, i.e., lEP(surface) < pH slurry < lEP (particles), a 
cationic surfactant (that with a positive charge) is added. 
(An "isoelectric point" refers to the pH level at which the 
surface charge of a material is neutrally charged.) In con- 
trast, in the case that the pH level of the slurry is less than 
the isoelectric point of the surface and greater than the 
isoelectric point of the polishing particles, i.e., lEP 



(particles) < pH slurry < lEP(surface), an anionic surfactant 
(that with a negative charge) is added. Referring to FIG. 3, 
an additional step of the method of the present invention 
may include controlling a pH level of slurry 38 to be be- 
tween an isoelectric point of the topography and an iso- 
electric point of polishing particles 40 to ensure adhesion 
of polishing inhibiting layer 30 to surface topography 20, 
and to prevent adhesion of polishing inhibiting layer to 
the polishing particle, which may also be an inorganic 
material. This step includes adding a material 48 to slurry 
38 to attain this balance. In one embodiment, material 48 
may include an acid and/or a base depending on the iso- 
electric points of surface topography 20 and the polishing 
particles. In one embodiment, an acid is selected from the 
group consisting of: nitric acid, hydrochloric acid, phos- 
phoric acid and sulfuric acid, and a base is selected from 
the group consisting of: potassium hydroxide and sodium 
hydroxide. However, other similar-acting materials and 
chemicals may be used to adjust the pH level, as might be 
selected by those skilled in the art. 
[0032] Referring to FIG. 7A, a graphical representation of an ex- 
ample implementation of the invention is illustrated in 
which a cationic surfactant is required, i.e., lEP(surface) < 



pH slurry < lEP (particles). In FIG. 7A, a pH band 50 indi- 
cates the relative pH of a polished surface 52 and a pol- 
ishing particle 54, and also indicates the particular pH of 
the slurry to which a polished surface 52 is exposed. In 
this example, polished surface 50 includes silicon dioxide 
(SiO^), which has an isoelectric point of approximately 2. 
That is, polished surface 50 has a positive charge below a 
pH of approximately 2 and a negative charge thereabove. 
A polishing particle in the form of, for example, ceria has 
an isoelectric point of approximately 7, which has a posi- 
tive charge below a pH of approximately 7 and a negative 
charge thereabove. In this situation, a cationic surfactant 
such as CTAB is added to the slurry to form layer 30. In 
addition, in order to achieve polishing inhibiting layer 30 
on the surface to be polished, one or more of the acids 
and bases listed above may be added to maintain the pH 
level of slurry 38 (FIG. 3) to be between an isoelectric 
point of polished surface 52 (i.e., ~2) and an isoelectric 
point of polishing particle 54 (i.e., ~7). Cationic surfactant 
is attracted towards the surface 52 to be polished and will 
adhere to that surface due to electrostatic effects. How- 
ever, note that the cationic surfactant will not be attracted 
to polishing particle 54, which would have the same posi- 



tive charge. 

[0033] Referring to FIG. 7B, the situation in which the pH level of 
the slurry is less than the isoelectric point of the surface 
152 and greater than the isoelectric point of the polishing 
particles 154, i.e., lEP (particles) < pH slurry < 
lEP(surface), is graphically represented. In this case, an 
anionic surfactant (that with a negative charge) is added 
to form polishing inhibiting layer 30. In FIG. 7B, a pH band 
150 indicates the relative pH of a polished surface 152 
and a polishing particle 154, and also indicates the partic- 
ular pH of the slurry to which a polished surface 152 is 
exposed. In this example, polished surface 150 includes 
silicon nitride (SIN), which has an isoelectric point of ap- 
proximately 9. That is, polished surface 150 has a positive 
charge below a pH of approximately 9 and a negative 
charge thereabove. A polishing particle 152 in the form 
of, for example, silica has an isoelectric point of approxi- 
mately 3, which has a positive charge below a pH of ap- 
proximately 3 and a negative charge thereabove. In this 
situation, an anionic surfactant is added to form polishing 
inhibiting layer 30. In FIG. 7B, the anionic material in- 
cludes sodium dodecyl sulfate, although other anionic ma- 
terials are possible. In addition, to maintain the pH level 



of slurry 38 (FIG. 3) to be between an isoelectric point of 
polished surface 152 (i.e., ~3) and an isoelectric point of 
polishing particle 154 (i.e., ~9), one or more of the acids 
and bases listed above may also be added. In this situa- 
tion, the anionic surfactant will be attracted towards the 
surface 152 to be polished and will adhere to that surface 
due to electrostatic effects. However, note that the anionic 
surfactant will not be attracted to polishing particle 154, 
which would have the same negative charge. 
[0034] While this invention has been described in conjunction 
with the specific embodiments outlined above, it is evi- 
dent that many alternatives, modifications and variations 
will be apparent to those skilled in the art. Accordingly, 
the embodiments of the invention as set forth above are 
intended to be illustrative, not limiting. Various changes 
may be made without departing from the spirit and scope 
of the invention as defined in the following claims. 



